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© In a pulsed coherent Doppler radar, a Q- 
switched laser source (12) develops a laser beam to 
have a high intensity pulse portion (16) and a sub- 
stantially lower intensity trailing tail portion (18). An 
acoustic-optic modulator (20) upon which the laser 
beam is incident directs substantially all of the en- 
ergy of the pulse portion along a first propagation 
path (22) towards a target, such as atmospheric 
aerosols, and substantially all of the energy of the 



tail portion along the second propagation path (24). 
The target reflects the pulse portion as a received 
signal (26). A heterodyne detector (28) upon which 
each of the received signal and the tail portion is 
incident, determines the Doppler shift of the received 
signal with respect to the tail portion. The detector 
uses the tail portion as the local oscillator. The 
acousto-optic modulator (20) also upshifts the fre- 
quency of the tail protion (18). 
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PULSED COHERENT DOPPLER LASER RADAR 



The present invention relates generally to laser 
radar systems and, more particularly, to a pulsed 
coherent Doppler laser radar for remote wind sens- 
ing. 

Many techniques and systems have been uti- 
lized to measure atmospheric or clear air turbu- 
lence. Generally, from analyzing a model of the 
atmosphere, some variable or state of the atmo- 
sphere that is affected by the turbulence is de- 
tected. Known prior art systems include passive 
and active acoustics, optical stellar scintillation de- 
tection, microwave scintillation of radio, star and 
satellite beacons, infrared and microwave backscat- 
ter, tropospheric bistatic radio scatter, and ultra 
sensitive radar. 

A number of difficulties have arisen in utilizing 
one or more of the foregoing techniques or sys- 
tems for airborne applications. For example, exces- 
sively large antennas are required if microwave 
techniques are to be employed and difficulties in 
achieving adequate range and accuracy of velocity 
information arise with those techniques which rely 
on the optical stellar scintillation system mentioned 
hereinabove. Accordingly, pulsed laser radar ap- 
paratus have been developed for the measurement 
of air turbulence suitable for use in an aircraft and 
capable of providing highly accurate measurements 
at a substantial range. 

For example, in U.S. Patent No. 3,856,402, a 
pulsed laser Doppler radar system is described. As 
described in the '402 patent, a train of short pulses 
of radiation, generated by a laser source, typically 
a CO2 laser, is developed with the direction of 
propagation of the pulse being in the direction of 
flight of the aircraft. The laser pulses are backscat- 
tered from the atmospheric aerosol. An optical re- 
ceiver is arranged to detect the backscattered re- 
turn. The radiation backscattered by atmospheric 
particulates is fed to an optical receiver in the 
aircraft and is Doppler shifted by an amount f D 
where f D equals 2V/X. V is the velocity component 
along the direction of the pulse propagation be- 
tween the aircraft and the air in the instantaneously 
illuminated volume of air and X is the wavelength of 
the laser. The length of the propagated pulse de- 
termines the spatial resolution in the atmosphere 
and also the Doppler shift resolution. The turbu- 
lence detection capability of the system is a con- 
sequence of the simultaneous measurement of 
Doppler shift from different regions of the instanta- 
neous p.ulse volume in the atmosphere whence the 
turbulence in the air is inferred from the bandwidth 
of the backscattered signal. The distance to the 
turbulence is inferred from the round-trip propaga- 
tion time. 



Precise frequency measurement capability is 
achieved by beating the scattered radiation with a 
continuous wave, highly stable laser beam, a pro- 
cess which results in a beat frequency directly 

s proportional to the velocity component. The pulsed 
laser source is derived from a stable, continuous 
wave laser source by pulse modulating the output 
of the laser. This technique assures the presence 
of a reference beam for the homodyne frequency 

10 conversion process employed. 

A disadvantage and limitation of the system 
described in the '402 patent is that a master os- 
cillator laser is used to generate each of the local 
oscillator beam and the high energy pulses for 

T5 transmission using a laser amplifier. Such a system 
suffers from insufficient isolation between the trans- 
mitter and local oscillator beams. To achieve the 
necessary isolation, an elaborate system as de- 
scribed in the '402 patent is required. Another 

20 disadvantage and limitation of such a system as 
described in the *402 patent is that the high gain 
laser amplifier used to generate the high energy 
transmitter pulses is highly alignment sensitive and 
is easily affected by environmental parameters 

25 such as vibration and temperature variation. 

Other known prior art coherent Doppler laser 
radars use a highly stable low power continuous 
wave laser as in injection oscillator. The injection 
oscillator provides the means for frequency locking 

30 of the pulsed high power transmitter laser and the 
moderate power continuous wave local oscillator 
laser. A disadvantage and limitation of a system 
that uses an injection oscillator laser in addition to 
a local oscillator and transmitter lasers is that such 

35 systems are not suitable for many applications 
because of their complexity and size. 

It is therefore highly desirable to use a single 
pulsed laser source for both the transmission and 
local oscillator in a laser radar system. A system of 

40 this type is described in U.S. Patent No. 4,447,149. 
The apparatus described in the '149 patent utilizes 
a single Q-switched laser to generate both the 
target signal and a local oscillator signal for use in 
a heterodyne signal detector. After the laser pulse 

45 is generated, the laser unit is maintained at a very 
low signal output level for substantially the majority 
of time before the generation of the next laser 
pulse. This is achieved by designing the Q-switch 
transmission as a function of time in accordance 

50 with the lasing media, resonator parameters and 
the required pulse shape. During the time the laser 
is operated at a very low signal output level, the 
output of the laser is utilized as a local oscillator 
and is mixed with the returning target signal prior 
to application to the detector unit. 
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A disadvantage and limitation of the radar ap- 
paratus disclosed in the '149 patent is that the 
laser beam including both the high intensity puise 
and trailing tail is incident on a beam splitter so 
that a portion of the entire optical energy is di- 
rected to the target and another portion of the total 
optical energy of each of the high intensity pulse 
and trailing tail is used as the local oscillator. 
However, in optical heterodyne detection, it is de- 
sired to use a local oscillator with a large enough 
optical power to allow for the detector quantum 
noise limited operation. In the system described in 
'149, it is not practical to provide sufficient amount 
of local oscillator power without damaging the de- 
tector by the high intensity portion of the pulse. 

In addition, due to the loss of energy in the 
high intensity pulse delivered to the target, the 
range of the laser radar apparatus is accordingly 
limited. 

According to one aspect of the invention, there 
is provided a pulsed laser radar apparatus which, 
using a single laser source for both local oscillator 
and transmission achieves optimum heterodyne 
detection without damaging the detector and any 
significant attenuation of the high intensity pulse 
directed to the target. Another aspect of the 
present invention provides the elimination of elabo- 
rate isolation devices between the transmitter and 
local oscillator sources and the relaxation of some 
of the system environmental requirements such as 
vibration and temperature variations. 

According to a further aspect of the present 
invention, there is provided a laser radar apparatus 
comprising: a source of propagating coherent wave 
energy, said energy having a high intensity pulse 
portion to be transmitted towards a target, and a 
substantially lower intensity trailing tail portion; and 
a detector for receiving a signal and for receiv- 
ing said tail portion to determine the Doppler 
shift of the received signal with respect to said 
tail portion, characterised by: 
a switching device upon which said energy is 
incident wherein substantially all of said pulse 
portion is directed along a first propagation path 
toward a target and substantially all of the en- 
ergy of said tail portion is directed along a 
second propagation path to the detector reflect- 
ed from a target. 
In one specific embodiment, the source of 
propagating coherent wave energy is a Q-switched 
pulsed laser source. The laser source resonator, 
pulse forming network, and Q-switch are designed 
accordingly to generate a single frequency pulse 
with the desirable temporal profile. The switching 
device is an acousto-optic modulator illuminated by 
the laser beam developed by the Q-switched laser 
pulse. The modulator is off during the high intensity 
pulse portion to transmit the high intensity pulse 



along the first propagation path. The modulator is 
then turned on to refract the tail portion along the 
second propagation path. The detector being a 
heterodyne detector then uses the tail portion as 

5 the local oscillator. 

A significant advantage is the use of the 
acousto-optic modulator to switch the single laser 
source so that it may be used for both the local 
oscillator and transmission of the high intensity 

w pulse without any significant attenuation while 
achieving optimum heterodynedetection. Another 
advantage is that it eliminates the need for an 
elaborate isolation device. Such a system can be 
compact and simple and suitable for most practical 

75 applications, particularly for short-range avionic ap- 
plications. 

For a better understanding of the invention and 
to show how the same may be carried into effect, 
reference will now be made, by way of example, to 
20 the accompanying drawings, in which: 

Figure 1 is a schematic block diagram of a 
pulsed laser apparatus utilizing a single laser 
source and; 

Figures 2A - 2C are graphic representations of 

25 the laser output wave form showing the high inten- 
sity pulse and trailing tail portion as used by the 
apparatus of Figure 1 . 

Referring now to Figures 1 and 2, there is 
shown a pulsed coherent Doppler laser radar sys- 

30 tern 10. The radar system 10 includes a single 
pulsed laser source 12. The laser source 12 is a Q- 
switched pulsed laser source which develops a 
laser beam 14 having a high intensity pulse portion 
16 and a substantially lower intensity trailing tail 

35 portion 18, as best seen in Figure 2A. The laser 
source 12 generates a single frequency pulse that 
is stable over the round trip time of the laser pulse 
to the target. 

The laser beam 14 illuminates an acousto-optic 

40 modulator 20. The acousto-optic modulator 20 acts 
as a switching device to direct substantially all of 
the energy of the pulse portion 16 along a first 
propagation path 22 and to direct substantially all 
of the energy of the tail portion 18 along a second 

45 propagation path 24. As is well known in the art, 
the acousto-optic modulator 20 operates on the 
Bragg diffraction principle. The switching of the 
acousto-optic modulator 20 is synchronized with 
the firing of the laser Q-switch within the laser 

so source 12. The timing of the switching of the 
acousto-optic modulator 20 may be inferred from 
Figures 2A - 2C. 

More specifically, the acousto-optic modulator 
20 is off during transmission of the high intensity 

55 pulse portion 16 and then is turned on during the 
trailing tail portion 18. The acousto-optic modulator 
20 remains on for the duration of the laser beam 14 
during the trailing tail portion 18 before being 
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turned off for the next occurrence of the high 
intensity pulse portion 16. When the acousto-optic 
modulator 20 is off, the high intensity pulse portion 
16 passes therethrough without significant attenu- 
ation. However, when on, the tail portion 18 is 
attenuated. 

Some of the energy of the pulse portion 16 is 
backscattered by a target and returned along the 
first optical path 22 as a received signal 26. A 
heterodyne detector 28 is illuminated by both the 
tail portion 18 and the received signal 26. The 
heterodyne detector 28 utilizes the tail portion 18 
as the local oscillator to determine the Doppler shift 
of the received signal 26 with respect to the tail 
portion 18. The target may be aerosols within the 
atmosphere. By measuring the relative velocity of 
these aerosols with respect to the first propagation 
path 22, clear air turbulence may be detected. 

The acousto-optic modulator 20, in addition to 
functioning as an optical switching device, also 
upshifts the frequency of the trailing tail portion 18. 
The local oscillator shift of frequency is used in 
stationary systems for heterodyne detection and in 
airborne systems to compensate for the large 
Doppler frequency shift due to the aircraft motion. 

Completing the description of the radar system 
10, a polarizing beam splitter 30 is disposed in the 
first optica! path 22. The beam splitter 30 passes 
the high intensity pulse portion 16 towards the 
target and diffracts the received signal 26 towards 
the heterodyne detector 28, as further explained 
below. Polarizing beam splitter 30 passes essen- 
tially the entire vertically polarized laser pulse por- 
tion 16. The high intensity pulse portion 16 is then 
circularly polarized by quarter-wave plate 33 and 
directed by mirror 35 through transmitter/receiver 
telescope 40. The received signal 26 is collected 
by telescope 40 and directed through quarter-wave 
plate 33. The polarization of the received signal 26 
is then converted from circular to horizontal which 
reflects off the polarizing beam splitter 30. The 
received signal 26 is directed by polarizing beam 
splitter 30 through beam splitter 32 to be focused 
by a lens 37 on the detector 28. 

To direct the tail portion 18 to the heterodyne 
detector 28, a first mirror 34 is disposed in the 
second optical path 22. The reflected tail portion 18 
from the first mirror 34 is then incident on a second 
mirror 36. The second mirror 36 directs the tail 
portion 18 toward the half-wave plate 39 in order to 
change its polarization from vertical to horizontal to 
match the polarization of the received signal 26. 
The beam splitter 32 then combines the tail portion 
1 8 with the received signal 26 by diverting some of 
its energy into the path of received signal 26. The 
lens 37 focuses both the received signal 26 and 
part of the tail portion 18 onto the heterodyne 
detector 28. The output of the heterodyne detector 



28 is amplified by amplifier 41 to be digitized and 
processed by digital signal processor 50. The out- 
put signal of heterodyne detector 28 has a fre- 
quency equal to the doppler shifts between the 

5 transmitted and received radiations offset by the 
frequency of acousto-optic modulator 20. 

To increase the range of the radar system 10, 
subsequent to the first beam splitter 30 along the 
first optical path 22, the telescope 40 is provided 

w intermediate the first beam splitter 30 and the 
target. The telescope 40 is an off-axis Dall Kirkham 
comprising a convex spherical mirror 44 and an 
elliptical mirror 46. 

The radar system 10 as hereinabove described 

75 is particularly useful for sensing atmospheric winds. 
As discussed hereinabove, the aerosols scatter the 
high intensity pulse portion 16 and return its reflec- 
tion as the received signal 26. The transmitted 
pulse width of the high intensity portion 16 is then 

20 chosen to be about the same as the correlation 
time associated with atmospheric aerosol backscat- 
ter which is related to the operating wavelength. 
Operating at 2.1 micron wavelength, the atmo- 
spheric correlation time is about 200 nanoseconds. 

25 A 200 nanoseconds pulse width allows for a rea- 
sonable sampling period and corresponds to a path 
resolution of 60 meters. The total laser pulse width, 
including the tail portion 18, is equal to or longer 
than the round trip time of the transmitted high 

30 intensity pulse portion 16. 

Multiple ranging can then be accomplished by 
using the firing time of the laser source 12 as a 
reference in the processing by a digital signal 
processor 50. Receiving and processing of the 

35 received signal 26 from atmospheric aerosols are 
then performed in temporal windows equal in width 
to that of the transmitted pulse 16. Several win- 
dows can be used to receive and process the 
return signal corresponding to different ranges. 

40 There has been described hereinabove a novel 

pulse coherent Doppler laser radar system for re- 
mote wind sensing. Those skilled in the art may 
now make numerous uses of and departures from 
the hereinabove described exemplary preferred 

45 embodiment without departing from the inventive 
principles disclosed herein. 

Claims 

so 1. A laser radar apparatus comprising: 

a source (12) of propagating coherent wave 
energy said energy having a high intensity 
pulse portion (16) to be transmitted towards 
a target, and a substantially lower intensity 

55 trailing tail portion (18); and 

a detector (28) for receiving a received sig- 
nal (26) reflected from a target and for re- 
ceiving said tail portion to determine the 
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Doppler shift of the received signal with 
respect to said tail portion, characterised 
by: 

a switching device (20) upon which said 
energy is incident wherein substantially all 
of said pulse portion is directed along a first 
propagation path (22) toward a target and 
substantially all of the energy of said tail 
portion is directed along a second propaga- 
tion path (24) to the detector. 

2. A laser radar apparatus as set forth in claim 1 
wherein said source (12) is a Q-switched pul- 
sed laser source operable to generate a single 
frequency pulse that is stable over the duration 
of the pulse. 

3. A laser radar apparatus as set forth in claim 1 
or 2, wherein said switching device (20) is an 
acousto-optic modulator. 

4. A laser radar apparatus as set forth in claim 1 , 
2 or 3, wherein said detector (28) is hetero- 
dyne detector. 

5. A pulsed coherent Doppler laser radar com- 
prising: 

a Q-switched pulsed laser source (12) to 
develop a laser beam having a high inten- 
sity pulse portion (16) and a substantially 
lower intensity trailing tail portion (18); 
characterised by: 

an acousto-optic modulator (20) illuminated 
by said laser beam, said modulator being 
switched to transmit said pulse portion 
along a first propagation path (22) toward a 
target and said tail portion along the second 
propagation path (24), said target reflecting 
said pulse portion as a received signal; and 
a heterodyne detector (28) to be illuminated 
by each of said tail portion and said re- 
ceived signal, said detector utilizing said tail 
portion as a local oscillator. 

6. A laser radar as set forth in claim 3 or 5 
wherein said acousto-optic modulator (20) is 
operable to frequency upshift said tail portion 
(18). 



comprising a quarter-wave plate (33) disposed 
intermediate said beam splitter and target. 

9. A laser radar as set forth in claim 7 or 8 and 
s comprising a telescope (40) disposed along 

said first propagation path (22) intermediate 
said beam splitter (30) and said target. 

10. A laser radar as set forth in any one of the 
ro preceding claims and comprising a beam split- 
ter (32) disposed to combine said tail portion 
and said received signal prior to illuminating 
said detector. 

;s 11. A laser radar set forth in claim 10 and compris- 
ing a first mirror (34) disposed in said second 
optical path (22) and a second mirror (36) to 
direct said tail portion reflected from said first 
mirror (34) to the combining beam splitter (32). 

20 

12. A laser radar as set forth in claim 11 and 
comprising a half-wave plate (34) disposed in- 
termediate said first mirror (36) and the com- 
bining beam splitter (32). 



7. A laser radar as set forth in any one of the so 
preceding claims comprising a polarizing beam 
splitter (30) disposed in said first optical path, 
to pass said pulse portion toward the target 
and to diffract said received signal returning 
along said first optical path toward said detec- 55 
tor. 



8. A laser radar as set forth in claim 7 and 
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© In a pulsed coherent Doppler radar, a Q- 
switched laser source (12) develops a laser beam to 
have a high intensity pulse portion (16) and a sub- 
stantially lower intensity trailing tail portion (18). An 
acoustic-optic modulator (20) upon which the laser 
beam is incident directs substantially all of the en- 
ergy of the pulse portion along a first propagation 
path (22) towards a target, such as atmospheric 
aerosols, and substantially all of the energy of the 



tail portion along the second propagation path (24). 
The target reflects the pulse portion as a received 
signal (26). A heterodyne detector (28) upon which 
each of the received signal and the tail portion is 
incident, determines the Doppler shift of the received 
signal with respect to the tail portion. The detector 
uses the tail portion as the local oscillator. The 
acousto-optic modulator (20) also upshifts the fre- 
quency of the tail protion (18). 
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